, respectively. A prognostic model for chronic HILI based on these four factors yielded the best prediction with a C-statistic of ) and Hy's law 
INTRODUCTION
Herb-induced liver injury (HILI) has increasingly been reported and attracted the attention of physicians, pharmaceutical companies, and regulatory agencies over the past years (1, 2) . In general, HILI is self-limited after withdrawing implicated herbs or herbal products; however, in some cases, chronic liver injury, liver transplantation, or even death is observed (3, 4) . In a previous case collection about the outcomes of HILI, 70 (12.4%) of 563 patients developed chronic HILI; 29 (5.2%) underwent liver transplantation or died from liver injury (3) . Until now, only a few studies tried to survey clinical characteristics of HILI patients with poor outcomes and define risk factors for poor HILI prognosis (5). Thus, it is still challenging to predict the HILI prognosis and guide its treatment (2, 5) .
In this study, we retrospectively analyzed the clinical data of 488 patients diagnosed with HILI to identify the risk factors and prognostic models for severe HILI cases, especially development of chronic HILI.
MATERIALS AND METHODS
All patients admitted to our hospital (Beijing, China) due to liver injury between January 2010 and January 2014 were included. HILI was diagnosed based on the following criteria (2, 5, 6) ; (i) recent onset of a rise in alanine aminotransferase (ALT)≥5×upper limit of normal (ULN) or alkaline phosphatase (ALP)≥2×ULN, or a rise in total serum bilirubin (TB)≥2 mg/dL associated with ALT≥3×ULN; (ii) exclusion of viral hepatitis, autoimmune liver disease, alcoholic liver disease, metabolic disorders, bile duct obstruction, and other nontoxic causes of liver diseases by laboratory tests (anti-hepatitis A virus IgM, hepatitis B surface antigen, anti-hepatitis B core IgM, anti-hepatitis C virus, hepatitis C virus RNA, and anti-hepatitis E virus IgM, anti-hepatitis E virus IgG, anti-nuclear antibody, anti-smooth muscle antibody, anti-mitochondrial antibody, ceruloplasmin, and α-1-antitrypsin), radiological examinations, and/or liver biopsy; (iii) exclusion of pre-existing liver diseases; (iv) a medical history with only exposure to herbs or herbal products within the previous 6 months before the onset of an abnormal liver test; (v) a Roussel Uclaf Causality Assessment Method (RUCAM) score ≥3 points. All data of patients diagnosed with HILI were extracted from our hospital records, including a detailed history of liver injury events and exposure to the implicated herb(s). Missing or unclear information was clarified with physicians.
All HILI cases were divided into three groups: (i) healed HILI, including patients who had persistent normal liver function after implicated herb(s) discontinuation; (ii) chronic HILI, including patients with sustained liver-related laboratory, radiologic, or histologic abnormalities at 6 months after the HILI onset (5); (iii) fatal HILI, including patients who underwent liver transplantation or died from HILI. HILI was classified as hepatocellular, cholestatic, or mixed pattern, based on the determination of the ratio R of ALT (as a multiple of the ULN) to ALP (as a multiple of the ULN) (7) . The model for end-stage liver disease (MELD) score was calculated as follows: 9.6*ln [creatinine (mg/dL)] + 3.8*ln [bilirubin (mg/dL)]+11.2*ln (international normalized ratio) + 6.4 (8) . The positivity for Hy's law was defined as either ALT or AST≥3×ULN, and TB≥2×ULN (2) . The definition of re-challenge is for the hepatocellular pattern ALT level before re-exposure was <5×ULN and after re-exposure increased ≥2×ALT level before re-exposure, while for cholestatic or mixed pattern ALP level before re-exposure was <2×ULN and after re-exposure increased ≥2×ALP level before re-exposure (6) .
Statistics analysis
Continuous variables were described with mean±stan-dard deviation (SD) and median values including the 25 th and 75th percentile values, and they were analyzed with the one-way analysis of variance for normally distributed values or the Kruskal-Wallis test for skewed distributions to calculate significant differences. Frequency and percentages were used to describe categorical variables, and a chi-squared test was used for comparison. To predict the fatal prognosis of HILI, MELD and Hy's law were compared, and receiver operating characteristics (ROC) curve in the form of C-statistic with 95% confidence interval (CI) was used to describe their predictive abilities. To identify the predictors of chronicity, a multivariate logistic regression analysis including variables based on a univariate analysis with p<0.10 and clinical judgment was conducted. The results were reported as adjusted odds ratio (OR) with 95% CI. Based on the multivariate logistic regression analysis, a model for chronic HILI was developed and compared with MELD and Hy's law. The C-statistic with 95% CI was used to assess the discriminative accuracy of these models for chronic HILI. A p<0.05 was recognized as statistically significant. All statistical analyses were performed using the SPSS (Statistical Package for the Social Sciences) version 16.0 software (SPSS Inc.; Chicago, IL, USA).
RESULTS

Demographic features
From January 2010 to January 2014, a total of 61,516 patients were hospitalized due to liver injury, but 49,724 cases fulfilled the clinical biochemistry criteria for HILI; a total of 40,683 patients were diagnosed with viral hepatitis, alcoholic hepatitis, autoimmune liver diseases, metabolic disorders, or other liver diseases; 7,787 cases were combined with pre-existing liver diseases; the liver injury in 759 patients was caused by synthetic drug(s) or a combination of synthetic drug(s) and herb(s); all of them were not eligible for this study. In 495 patients only exposed to herb(s) before the onset of abnormalities in liver function, 52 (10.5%) cases were considered high probable according to RUCAM, 370 (74.8%) were probable, 66 (13.3%) were possible, 7 (1.4%) were unlikely, and no cases were excluded. The diagnostic criteria of HILI are presented in Figure 1 . Fructus psoraleae, Gynura segetum, and Radix polygoni multiflora. Among the 19 lethal cases, 10 (52.6%) died of septic shock, 6 (31.6%) of cerebral edema due to encephalopathy, 2 (10.5%) of hepatorenal syndrome, and 1 (5.3%) of hemorrhagic shock due to upper gastrointestinal bleeding. To predict the fatal prognosis, MELD yielded a C-statistic of 0.981 (95%CI 0.968-0.995), superior to Hy's law (C-statistic 0.569, 95%CI 0.449-0.689) (Figure 2) .
Clinical characteristics
Chronicity
In the 468 surviving patients, the comparison of clinical features between the healed (n=399) and chronic (n=69) groups is shown in Table 5 . The herbs or herbal products associated with chronic HILI and their indications are listed in Table 4 . Only 7 chronic patients were induced by a single implicated herb, including Radix polygoni multiflori (n=4), Tripterygium wilfordii (n=1), Semen cassiae (n=1), and Smilax scobinicaulis (n=1). Based on the multivari- able logistic regression analysis including age, gender, latency, ascites, peak ALT, lowest albumin (ALB), peak triglyceride (TG), and peak international normalized ratio (INR) values, the course of peak ALT decreasing ≥50% after discontinuation of herbs application (CA50), and platelet count at liver injury onset as covariates, the latency, CA50, peak TG value, and platelet count at liver injury onset predicted chronic HILI with adjusted OR of 1.268 (95%CI 1.034-1.554), 2.303 (95%CI 1.588-3.340), 0.580 (95%CI 0.343-0.978), and 0.183 (95%CI 0.091-0.368), respectively (Table 6 ).
Based on the latency, CA50, the peak TG value, and platelet count at the liver injury onset, a risk score for chronicity was calculated using the following equation 
DISCUSSION
Herbal medicines have been widely and safely used for various diseases and health care for thousands of years (9) . Actually, HILI occurred at a low frequency. In a prospective study from a German Traditional Chinese Medicine (TCM) hospital to analyze the frequency of liver injury induced by TCM, only 0.12% patients developed liver injury with ALT≥5×ULN (10) . In this study, only 488 (0.79%) of 61,516 patients hospitalized due to liver injury caused by herbs or herbal products. Among these 488 patients, 18.2% of cases presented poor outcomes mainly for treatment of skin diseases, cardiovascular diseases, and endocrine system diseases.
The diagnosis of HILI is more complicated due to a lack of characteristic biomarkers, compared with liver injury induced by virus, alcohol, and other causes (11). In this study a strict diagnostic criterion of HILI was carried out. First, a biochemistry criterion of HILI was defined to exclude unspecific ALT increases (12) . Complete alternative causes of liver injury and pre-existing liver diseases were validly ruled out (13) . Detailed medical histories were examined to exclude co-medication with synthetic drugs (3). Moreover, RUCAM was used in this study to assess the causality of herbs and liver injury to further eliminate the substantial background noise of HILI patients (6,10). Most prognostic scoring systems used in patients with liver injury consider fatal outcome of drug-induced liver injury (DILI); the outcome of HILI has received much less attention (14) . Among the prognostic scoring systems, Hy's law and MELD were shown to predict the shortterm outcome like death or liver transplantation in DILI patients (15, 16) . MELD was initially used to prioritize the liver transplant allocation and predict a short-term outcome for patients with end-stage liver disease (8) . Subsequently, MELD was found to be a reliable predictor of fatal prognosis of DILI (17) . In this study, MELD with a high C-statistic of 0.981 has been proven again to be a good prognostic model for a fatal prognosis of HILI, but not for development of chronicity with a low C-statistic of 0.506. Hy's law, a method to predict a drug's likelihood to induce severe liver injury, stated that in DILI patients, hepatocellular injury and jaundice are associated with a 10% mortality rate (18). Hy's law was a poor predictor for fatal prognosis and was not at all correlated with chronic HILI in this study. Hy's law was developed for predicting serious liver injury induced by synthetic drugs, not herbs in clinical practice; it also focused on short-term mortality rather than chronic liver injury (19) .
Herbs, like synthetic drugs, can also cause fatal or chronic liver injury in a small percentage of cases (3, 5) . Some patients with chronic HILI present cirrhosis (20) . No model has yet been forwarded to predict a chronic course in HILI, although chronicity likely developed in 10%-14% of HILI cases in cases series (3, 21) . Patients with chronic HILI, especially cirrhosis, may need a significantly longer therapy both for the liver injury. However, its mechanism is not yet well understood (22) . Persistent liver tissue repair reactions likely are not only an essential part of chronic HILI, but also distinguish it from lethal toxic damages. Risk factors for chronic DILI may be related to hepatocyte injury processes, such as the time of drug intake or hepatocellular functional deficits presenting decreased hepatic triglyceride synthesis (22, 23) . Chronicity carries a poor HILI prognosis, and its development causes lasting health problem. Special attention should be paid to chronic HILI, and a valid prognostic model of chronic HILI development would aid in the early detection of chronicity.
In this study, we have used the multivariable logistic regression analysis and identified that the latency time, course of ALT decreasing, TG value, and platelet count as covariates are significantly correlated with chronic HILI development. Latency, defined as the time from the beginning of application of implicated agents to the onset of liver injury symptoms, was related to clinical severity and an unfavorable outcome (23) . In this study, patients with long latency were more likely to develop into chronic HILI or cirrhosis than those with short latency. Chronicity and cirrhosis were more common in HILI cases with cholestatic pattern than other patterns. The bile duct damage needs more time to recover in comparison with hepatocellular injury (24) . Patients with a low TG value or platelet count, as signals of liver dysfunction and portal hypertension, also had been proven to indicate a poor outcome of liver injury both in patients (25) and in rats (26) .
In this study, C-statistic was used to evaluate the predictive ability of models. A C-statistic of 0.7 has a reasonable clinical utility, while a model with a C-statistic of ≥0.8 has been considered predictive (17) . For a fatal outcome, we calculated a C-statistic value of 0.981 for MELD, in agreement with prior publications (16, 27 ). The prognostic model for chronic HILI based on latency, CA50, TG value, and platelet count predicted chronicity with a C-statistic of 0.812, whereas the C-statistic for MELD and Hy's law were 0.506 and 0.418, respectively. This indicated that the prognostic model for chronic HILI had the best predictive ability.
The conclusions are limited by the fact that all cases were hospitalized in a single center, leading to a low representability for the overall population; this study was a retrospective survey, so missing data could not be supplemented. The prognostic model for chronic HILI was developed based on the data from patients with liver injury induced by herbal medicine, but not for some specific herbs; however, the model still needs validation in multicenter and prospective researches to prove its value for other settings.
In conclusion, herbal medicine is associated with a very low risk of liver injury. MELD was confirmed as a good predictive model of the HILI mortality; for predicting the HILI chronicity, a long latency, a slow recovery, and low triglyceride value and platelet count make the best fit. Informed Consent: Since the data for this study were analyzed retrospectively and anonymously, no written informed consent was possible or is necessary.
